ABSTRACT Damage to the turkey pectoralis major muscle was studied in a randombred control line (RBC2), a subline (F) from the RBC2 line selected long-term for increased 16-wk BW only, and a commercial sire line (B) at 25 d of incubation and at 1, 4, 8, 16, and 20 wk posthatch. Pectoralis major muscle samples were obtained from three females and three males from each line in a manner to avoid contraction. After being fixed and sectioned, the muscle samples were stained with hematoxylin and eosin to view muscle fiber and muscle fiber bundle morphology. Beginning at 8 wk posthatch, differences in muscle fiber morphology were observed among the different
INTRODUCTION
The poultry breeding industry has placed major emphasis in selection for increased growth rate and breast muscling. Selection for increased BW in chickens increased muscle fiber size at 10 wk of age (Smith, 1963) . In male chickens, fast growing birds have pectoralis muscle fibers three to five times wider than slower growing birds and an increase in the number of giant fibers (Dransfield and Sosnicki, 1999) . However, limited information is available concerning the effect of selection for increased growth rate and increased breast muscling on breast muscle structure in turkeys. Wilson et al. (1990) compared breast muscle characteristics in turkey lines with various growth rates. More degenerating muscle fibers and higher plasma creatine kinase concentrations were found in the rapidly growing lines compared to the slower growing lines.
Although growth rate, feed conversion, and the amount of muscling have improved in meat-type tur- To whom correspondence should be addressed: velleman.1 @osu.edu.
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lines. The RBC2 line throughout the duration of the study maintained well-organized muscle fibers and muscle fiber bundles with large capillary networks. In contrast, the growth-selected F line began to show muscle fiber degeneration at 8 wk posthatch, and limited capillary beds were observed as development proceeded. The B line had intermediate muscle morphology between the RBC2 and F lines, but by 20 wk posthatch significant muscle fiber degeneration was present with limited capillary supply. The degenerative muscle fiber changes were predominant in the growth-selected F-line, suggesting that growth selection for just BW may be associated with posthatch muscle damage.
keys, meat quality has been reduced (Dransfield and Sosnicki, 1999) . Problems with meat quality may be the result of changes in muscle morphology and biochemistry with the end consequence being muscle fiber defects. Typical muscle fiber defects in turkeys selected for growth rate include deep pectoral myopathy (Wilson et al., 1990; Sosnicki and Wilson, 1991) , focal myopathy (Sosnicki, 1993a) , and pale, soft, and exudative (PSE) meat (Sosnicki, 1993b; Pietrzak et al., 1997) . Wilson et al. (1990) showed that muscle damage increased with age in turkeys. The current study traces the effect of growth selection on muscle fiber damage from late embryonic development (25 d) through 20 wk posthatch in an unselected randombred control line (RBC2), a subline of RBC2, F, selected only for increased 16-wk BW, and a commercial sire line (B). Because the RBC2 and F lines were from the same genetic background, observed differences in muscle morphology should be the result of selection for increased BW. The objective of this study was to measure the effect of growth selection on muscle damage during myogenesis. The guiding hypothesis of the research was that a correlated result of growth selection was muscle damage.
Abbreviation Key: B = commercial sire line; F = subline of RBC2 selected for increased 16-wk BW; PSE = pale, soft, and exudative; RBC2 = randombred control line.
MATERIALS AND METHODS

Birds
Pure line offspring from the F, B, and RBC2 lines were used in the present study. The F and RBC2 turkey lines (Nestor, 1984) were from flocks maintained at the Ohio Agricultural Research and Development Center. The F line was selected for increased BW at 16-wk posthatch and was developed from the randombred control line (RBC2). The F line had been selected over 35 generations at the time of the present study. The RBC2 line has been maintained in such a manner (Nestor, 1977a,b; Noble et al., 1995) that little genetic change was expected or observed.
The B line represents a sample of a sire line from a major turkey breeder and was obtained as unpedigreed eggs. The selection criteria in the B line are unknown, but based on the performance of the B line (unpublished data), major emphasis in selection must have been placed on increased BW and increased breast muscling. The B line was maintained two generations prior to the current study with minimal selection pressure for increased 16-wk BW and increased 16-wk breast width to maintain the line at current performance levels (Velleman et al., 2002) .
The RBC2 and F lines were reproduced without rotation of males using 10 and 20 parental pairs, respectively. The B line was reproduced by mating 10 sires to 20 dams with each sire being mated to two dams. For the B line, the males were rotated at each insemination to obtain as large a genetic base as possible. The offspring from the pure lines were produced in a single hatch, representing a 2-wk collection of eggs.
Tissue Collection and Staining
From 25 d embryos, the entire breasts were removed from three male and three female embryos from each line used in the present study. Each breast was placed in 10% (vol/vol) buffered formalin fixative pH 7.0 at 4°C for at least 17 h. After fixation, a piece of pectoralis major muscle following the lengthwise fiber orientation was removed. At 1, 4, 8, 16, and 20 wk of age three males and three females from each genetic line were randomly selected and a 0.5 cm × 3 cm sample of the pectoralis major muscle was removed from the anterior portion of the breast by dissecting along the lengthwise muscle fiber orientation. The ends of the muscle sample were tied to wooden applicator sticks with surgical thread prior to removal to prevent muscle contraction, and the stick and muscle were placed in 10% (vol/vol) buffered formalin fixative pH 7.0 at 4°C for at least 17 h.
The muscle tissue was dehydrated through a graded series of ethanol as previously described by Jarrold et al. (1999 with paraffin at 55°C for 4 h with one change at 30 min using a Fisher Tissuematon. 3 The samples were embedded in paraffin, and the resulting paraffin blocks were cross sectioned at 5 µm and mounted on superfrost plus slides.
3
Sections were stained with hematoxylin and eosin to view the morphology of the muscle tissue. Prior to staining with hematoxylin and eosin, the muscle tissue sections were incubated at 55°C for 30 min and then rehydrated for 10 min in Protocol Safe Clear, 2 min in 100% ethanol, 2 min in 95% ethanol, 2 min in 70% ethanol, 2 min in 50% ethanol, and 2 min in distilled H 2 O. After rehydration, the slides were placed in Gill's #2 hematoxylin for 4 min. Sections were then rinsed in gentle running tap water for 10 min and transferred to eosin Y (0.5 g eosin Y and 2.5 mL glacial acetic acid and brought to 500 mL in 70% ethanol) for 2 min. After staining, the slides were dehydrated back through the graded series of alcohol and xylene replacement Protocol Safe Clear. The stained sections were viewed with an Olympus XI 70 microscope and digitally recorded with an Olympus Magna Fire digital camera.
4 Four sections from each bird were placed on a slide. Five fields of each section were viewed.
RESULTS
Muscles from the RBC2 line at 25 d of embryonic development through 20 wk of posthatch age exhibited muscle morphology of well-structured muscle fiber bundles. The muscle fibers and muscle fiber bundles were well spaced at the endomysial and perimysial connective tissue layers regardless of age (Figure 1 , A through F). The perimysial connective tissue layer contained large capillary bed networks as illustrated in Figure 1F . At 20 wk posthatch, some muscle fiber fragmentation was noted. In contrast, the F line had limited endomysial and perimysial spacing that was evident beginning at 8 wk posthatch with muscle fiber fragmentation ( Figure 2D ). Prior to 8 wk posthatch, the F line muscle fibers and muscle fiber bundles were well spaced, and exhibited muscle fiber and muscle fiber bundle integrity (Figure 2 , A through C). At 16 wk posthatch hypercontracted muscle fibers were present in the F line ( Figure 2E ). By 20 wk posthatch significant fragmentation of the muscle fiber bundles was observed throughout the pectoralis major muscle ( Figure 2F ).
Muscle morphology including muscle fiber and bundle integrity in the B line was fairly well maintained until 20 wk posthatch (Figure 3) . Limited muscle fiber fragmentation was noted at 8 and 16 wk posthatch (Figure 3, D and E) . Prior to 8 wk posthatch, no muscle fiber fragmentation was noted (Figures 3, A through C) . At 20 wk posthatch, significant muscle fiber fragmentation was observed as well as hypercontracted muscle fibers ( Figure 3F ). Unlike the RBC2 line, in both the F and B lines, only a limited number of capillary beds were observed in the perimysial connective tissue layer surrounding the muscle fiber bundles. 
DISCUSSION
The results from the present study support the hypothesis that selection for growth rate leads to muscle damage in turkeys with age. By 20 wk posthatch, all the lines showed some muscle fiber fragmentation. The RBC2 line, which has not been selected for any trait including growth since the line was started in 1966, had the best overall muscle fiber integrity throughout the study. Hypercontracted muscle fibers were not observed in the RBC2 line muscle at any age. Hypercontraction is caused by an excessive contraction of myofibrils (Carpenter and Karpati, 1984) . The hypercontracted muscle fibers were observed in muscle areas undergoing fiber degeneration. Because the hypercontracted fibers are localized to areas undergoing degeneration, it is likely that the hypercontraction of muscle fibers is a step in the process of muscle degeneration. Muscle fiber hypercontraction does represent a condition of muscle damage and causes a toughening of meat (Sosnicki and Wilson, 1991) .
Turkey pectoral muscle is composed of glycolytic type II muscle fibers. The glycolytic mode of anaerobic respiration results in the formation of lactic acid. Turkeys selected for increased muscle mass have increased anaerobic capacity (Yost et al., 2002) , which leads to higher acid concentrations in the muscle and decreased pH. Lactic acid is largely removed from the muscle by the circulatory system to be converted into glycogen by the liver (Bangsbo et al., 1991) . As observed in the present study, there was a reduction in the capillary supply to the F and B lines compared to the RBC2 line. The amount of capillary supply available to the muscle may be associated with the amount of connective tissue space. In both the F and B lines, perimysial and endomysial area was significantly diminished from that observed in the RBC2 line. A reduction in the amount of blood supply to the muscle will further decrease pH through retention of lactic acid. Increased concentrations of lactic acid will lead to muscle damage and may be involved with the turkey PSE condition. Turkey PSE is associated with an increase in lactic acid and decrease in pH (Sosnicki and Wilson, 1991) . In support of the data in the present study, Wilson et al. (1990) hypothesized that the selection for growth rate in turkeys has resulted in muscles that have outgrown their life-support systems. To further elucidate how growth selection in turkeys has affected meat quality, studies are required that correlate the morphological characteristics of muscle to the cellular biology. 
